FJCD Pomeron from Gauge/String Duality
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* First principle derivation of Pomeron as a Regge pole --

* Conformal invariance beyond perturbative QCD

@ work based on papers Ay K. Brower, J. Polchinski,
M. Strassler, and C-I 7Tan, Aep—A/ 060318, hep—
24/ 0F07.240%, and riore Cin pre_paraz‘/on>
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® Scales in QCD

® Hard Pomeron (BFKL) -- Scale Invariance

® Soft Pomeron (Glueballs) -- Confinement scale

® QCD Pomeron as “metric fluctuations” in AdS space
® Unified Pomeron is Regge Pole in AdS: ( Conformal Invariance )

® Pomeron as a Reggeized Massive Graviton: (Confinement )
® Pomeron Kernel in Transverse Space: AdS_3

® Other developments: Unitarization, Froissart Bound,
Confinement, etc.
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Asymptotic Freedom

perturbative
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non-perturbative
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Force at Long Distance--Constant
Tension/Linear Potential,
Coupling increasing, Quarks and
Gluons strongly bound <==
“Stringy Behavior”




Test of Perturbative QCD-- Deep Inelastic
Scattering (DIS)
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Regge Behavior and Regge
Trajectory
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Total Cross Sections
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IR (Soft) Pomeron ??




BFKL (Balitsky-Lipatov-Fadin-Kuraev)

BFKL Summation: Scale Invariance

[ Weak perturbation theory: 15t order in o, and all orders (o, log s)®
A Implies “planar” diagrams (e.g. N, = 0o) and conformal scaling
O BFKL is essentially a large N, CFT results!
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Diffusion in “virtuality”

Weak Coupling:
a(0) = 1 4 In(2)g°N/x?
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BFKL vs Soft Pomeron

« Perturbative QCD
« Short-Distance

+ agpg (0)~14

* Increasing Virtuality

« No Shrinkage of elastic
peak

 Fixed-cutint
 Diffusion in Virtuality

Non-Perturbative

Long-distance:
Confinement

op(0) ~ 1.08

Fixed trans. Momenta
Shrinkage of Elastic
Peak: <|t|> ~1/log s
o’(0) ~ 0.3 Gev-
Diffusion in impact
space

UV Pomeron (BFKL): Scale Invariance

IR Pomeron (Soft Pomeron): Confinement




II: Gawge/String Duality
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QCD Pomeron <===> Graviton (metric) in AdS
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The QCD Pomeron

We show that in gauge theories with string-
theoretical dual descriptions, the Pomeron
emerges unambiguously:.

Pomeron can be associated with a Reggeized
Massive Graviton.

Both the IR (soft) Pomeron and the UV

(BFKL) Pomeron are dealt in a unified single
step.
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Scale Invariance and Cutoff AdS;

d?

Maldacena: ds2 ~ _p rym,d;c“dx + +dqx

at large r (UV), AdS-5
** Scale Invariance of QCD in UV: r— (x; r— %

Large Sizes

pt defects at r=1/z=1/p — *

< Instanton radius p A xX1,XD, X3, T4

r = oo (UV)

String/Glueba \/
"> Tin ~ NocD




Gaage / Sz‘r/ng Dueal:
Confinerent Deforralion

® ([(Se rodels Zo provide concrele
mal hemalical realizadion of Gaage /
String for JCD
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QCD Pomeron <===> Graviton (metric) in AdS
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4-Dim Massive Graviton

5-Dim Massless Mode:

O=E?-(p* + p,* +p3 > +p,°)

If, due to Curvature 1n fifth-dim, p > = 0O,

Four-Dimensional Mass:

E2= (p,%? + p,* + p;?) + M?




Glueball Spectrum
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The AdS’ glueball spectrum for QCD4 in strong coupling (left) com-
pared with the Morningstar/Peardon lattice spectrum for pure SU(3)
QCD (right) with 1/rg = 410 Mev.

R. Brower, S. Mathur, and C-I Tan, hep-th/0003115, “Glueball Spectrum of QCD
from AdS Supergravity Duality”.




Approx. Scale Invariance and the 5t dimension

(I)(I‘) Hadron Glueball Massive Onium Current

IR WALL
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==> Hard Scattering (Polchinski-Strassler)
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Regge Behavior in AdS;

A ~ SJ(t) _ Soz(O)—I—o/t




Regge in Flat Space

String amplitudes — Regge behavior A ~ Y, s7i(0)

J(t) = a(t) = ayg + a't] Spir

e  negative; Fourier transform momentum space —

position space

exp [—|Z]?/a’ In s]

v In s

J(t) ~ (g + At = A ~ g

Strings grow: (|Z]?) ~ In s

(random-walk diffusion, with ™ ~ In s)




Regge in Curved Space

Pomeron Tr

A~ 57— 2F/2Z (fat space)

24a’' V2 /2

— s (curved space)
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A Schrodinger operator with potential V(wu;t) — 4 — ¢ 2“4 /g




Diffusion in w=/ g r: (EFFective Yanv/donian a Z‘=O>
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D/‘Tp fusion in 40/5 . w =/ oq r ( COnZ‘/‘naecD

B 421 | , 2 1
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\/X 2\/X
Sandwiching this differential operator between the two
scattering hadrons, writing the kernel explicitly, and

recalling 7 o< Ins, v = Inr,
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Same form as the BFKL kernel for ¢t = 0:




Comparison of Diffusion in AdS and BFKL
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Conformal Poreror

* Fixed branch point in J-plane:

* Weak coupling:

4In?2

jo =1 + alN

« Strong coupling:

in =92
JO \/I
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" heterotic Pomeron i levin and Tan, ( hep-ph/ 930230%)
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Pomeron in Confined AdS Deformation

Confinement----> Regge trajectory, Resonances, etc.

Simplest Model: Hard-Wall

1 d B 5
2 du? >
2\/g°N u 92N
V(v
t<0
V(u)=-teY , 0<u<oo
-Attractive for t >0, Regge Pole + BFKL cut | P
// t>0
-t < 0 only scattering state for BFKL % Hard Wall atr =r_{min}




Hardwall Regge Spectrum and Cut
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Pomeron in QCD

Running UV, Confining IR (large N)
Spin

BFKL POLES -
e i

A ——

The hadronic spectrum is little changed. as expected.

The BFKL cut turns into a set of poles, as expected.




The QCD Pomeron

Have shown that in gauge theories with
string-theoretical dual descriptions, the
Pomeron emerges unambiguously.

Pomeron can be identified as Reggeized
Massive Graviton.

Both the IR Pomeron and the UV Pomeron
are dealt in a unified single step.

Both conceptual and practical advantages.
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Keduction 2o AIS-3 o ‘///3/7 fnerﬁy
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Complex j-Plane:
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Reduction to AdS-3:
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* Use T —dependent Dipension
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ST
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sz‘n —D/‘Men\s ron Curve

(4,2) and (0,2) have zero anomalous dimension

-1 - 1 ,’2\\ 3 4 5
: SN A

A =0, BFKL

A = 0 Anomalous
Dim=0

inversion symmetry: A =>4 - A
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I\/. FL(I‘Z‘/’Ie/‘ Deve/ opmenZ‘S .

@ “Eikonalization for AdS-Graviton,” (hep-th/
0707:2408, R Brower, M. Strassler, C-I Tan)

@ “Froissart Bound and Confinement,” (in preparation,
R Brower, M. Strassler, C-1I Tan)

@ Nonlinear Gravity effects: e.g., fan diagrams,
@ Loops: e.g., AdS-3 Pomeron-Field Theory,
@ Odderon, Diffractive Jets, Higgs’, etc. at LHC,

@ High Density Phenomena, efc.
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